Sunn pest, Eurygaster integriceps, is a key pest of wheat and barley in Iran. At present, infested areas are treated with ground sprayers. A survey was conducted to evaluate the efficiency and calibration accuracy of ground hydraulic sprayers in Iran. The results showed that the motorized lance sprayer and manually operated sprayer were the most conventional sprayers, and fenitrothion EC 50% and deltamethrin EC 2.5% were the conventional insecticides against sunn pest in Kermanshah province. The mean efficacy percentage was 88% and 35% against nymphs and overwintered adults, respectively. In motorized lance sprayers, there were 5% and 90% overdosage of fenitrothion and deltamethrin, respectively; while, in manually carried sprayers, there were 5% and 25% overdosage of fenitrothion and deltamethrin, respectively. Applied dosages were 5-20% and 25-90% more than recommended dosages of fenitrothion and deltamethrin, respectively. Errors in effectiveness and applied dosage were higher in motorized lance sprayer than manually carried sprayers.
Wheat and barley are important crops in the Near East, Middle East, and South-Western Asian countries including Iran. They are attacked by several species of bugs including sunn pest, Eurygaster integriceps Put. (Heteroptera: Scutelleridae). Annually, more than 15 million hectares of cereal fields are damaged by sunn pest in the world. The pest has one generation per year with an obligatory diapause during the adult stage (Alexandrov, 1947; Radjabi, 2000) . Sunn pest affects both quality and quantity of the yield. Yield loss may exceed 20-30% in barley and 50-100% in wheat. Adult bugs attack leaves and central shoots or spikes of wheat in early spring. Damaged parts become brown or white. When the damage takes place at the early growth stage of wheat, shoots die before spike formation, and the plant reacts by producing new shoots which finally produce spikes with few grains. High population of overwintered adults can considerably reduce yield (Javahery, 1995; Donskoff, 1996; Radjabi, 2000) . The progeny of the overwintered adult injects salivary enzymes into grain that cause qualitative loss. The enzyme breaks down gluten and reduces baking quality of flour (Moore, 1998; Hariri et al., 2000) .
In Iran, 2.4 million hectares were sprayed against sunn pest in 2011. Less than 30% of treatment was against overwintered adults and the rest was against nymphs and new generation (Rashidi et al., 2011) . During the last decade, fenitrothion EC 50% and deltamethrin EC 2.5% were conventional insecticides for the control of sunn pest. The application of fenitrothion in Iran goes back to 4 decades ago; however, it is one decade that deltamethrin is applied against sunn pest (Sheikhigarjan et al., 2009) .
During the last two decades in Iran, the chemical control against sunn pest by farmers has been carried out by ground sprayers (Rashidi et al., 2011) . Ground spraying seems more effective than aerial spraying, due to lower spraying elevation and lower risk of exo-drift (Mathews, 2005) . At present, deltamethrin is the dominant insecticide against sunn pest in Iran. Previously, deltamethrin was used more often in the Southern provinces, whereas in the Western provinces, fenitrothion was mostly applied (Rashidi et al., 2010 (Rashidi et al., , 2011 .
Chemical control may have deleterious side effects on natural enemies (Voegelé, 1996) . In general, application of insecticides on overwintered adults negatively affects natural enemies' population by reducing sunn pest egg parasitism rate from 86.9% to 8.3% (Rosca et al., 1996) .
The ground sprayers which are used in chemical control of sunn pest are as follows: motorized lance sprayer on trolley or mounted on tractor, manually carried sprayers such as compression knapsack sprayer, lever-operated knapsack sprayer and air assistant sprayers (Sheikhigarjan et al., 2006) . The problems associated with these sprayers are as follows: wrong direction of spraying, uneven distribution of insecticide over target areas, overdosage, insecticide drift and miscalibration of sprayers. In Iran, numbers of people who can deal with and rectify the problems of the sprayers are not many (Erman et al., 2007) .
The goals of this research were to: 1) quantify spraying accuracy of accessible sprayers against sunn pest in Kermanshah province of Iran, 2) determine the application rate and efficacy of fenitrothion and deltamethrin against sunn pest when sprayed with different sprayers in the field.
Materials and Methods

Locations:
The research was conducted in seven sunn pest-infested locations of Kermanshah (Iran) as follows: 1) Bashgan (34° 37` 00" N, 45° 45` 00" S), 2) Faraman (34° 12' 53" N, 47° 17' 34" E), 3) Jameh (34° 16' 00" N, 46° 51' 00" E), 4) Kuzehgaran (34° 55' 00" N, 47° 33' 00"E), 5) Mahidasht (34° 16' 00" N, 46° 47' 00" E), 6) Ravansar (34° 43' 8" N, 46° 39' 51" E) and 7) Samereh-Olya (34° 0' 53" N, 47° 17' 59" E).
Insecticides: The efficacy of two conventional insecticides, fenitrothion EC 50% (at 1 l/ha) and deltamethrin EC 2.5% (at 0.3 l/ha), were evaluated against nymph and adult sunn pest. The insecticide efficacies were evaluated at the stages of overwintered adults and nymphs (new generation). In total, 30 infested fields were chosen for the experiment. In the treated plots, the density of the pest was above the economic threshold (3-5 adults/ (Rashidi et al., 2011) . In the tested fields, farmers applied either or both insecticides in rotation during one season; therefore, the mortality rates were not related to the specific above-mentioned insecticides alone, but indicating the outcomes of a "package" of treatments. The number of overwintered adults and nymphs were recorded one day before application (Table 1 ) and 20 days after application. The overwintered adults and nymphs were sampled with a 1×1 m-quadrate (with 10 replications per hectare) and insect net (50 netsweeps per hectare), respectively. The efficacy was calculated based on the Henderson-Tilton formula (Henderson and Tilton, 1955) :
Where, Ta is the number of insects in treated plot after treatment, Cb is the number of insects in control plot before treatment, Tb is the number of insects in treated plot before treatment, and Ca is the number of insects in control plot after treatment.
Sprayers:
The efficiency and calibration accuracy of 25 ground hydraulic sprayers, including 15 motorized lance sprayers and 10 knapsack sprayers, as the conventional sprayers, were studied. The concentrations of fenitrothion and deltamethrin in the tank were calculated based on the conventional field operation of farmers. For each sprayer, the spray volume per hectare was estimated by determining spray flow rate per minute at three different spraying times. Time needed for spraying one hectare was calculated based on movement of the operator over a 100-meter distance. The cone nozzle was used in all tested sprayers. During spraying, the nozzle was approximately 50 cm above the canopy. The water sensitive papers were used for estimating the swath widths and spraying uniformity. The cards were collected after spraying and number of droplets/cm 2 were counted. A questionnaire was prepared for farmers of the above-mentioned locations and 
Results and Discussion
The conventional application of deltamethrin EC 2.5% and fenitrothion EC 50% against overwintered adults of sunn pest did not result acceptable control levels in the studied locations based on the local sprayer types, farmers experience and weather condition. The low efficacy could be related to both poor application technology and biological factors. After chemical application, the overwintered adults of sunn pest may immigrate from hibernation sites to the fields or may move among fields. In an infested field, overwintered adults spend half of lifetime on the plant and the other half on soil surface (Radjabi, 2000) , resulting less exposure time of overwintered adults to insecticides and low mortality rate. Moreover, the period of chemical control of overwintered adults is often coincided with high precipitation which increases rain fastness on the foliage (Wilson, 2004) . The efficacy of applications against new generation (nymphal stage) of sunn pest was different. The wheat fields which were treated once and twice had 79% and 97% efficacy, respectively. The precipitation rate is low during nymphal stage of sunn pest. Sunn pest nymphs (2 nd and 3 rd instars) are more susceptible to the insecticides than overwintered adults (Sheikhigarjan et al., 2002) . Furthermore, the nymphs are often active on the plants (Javahery, 1995; Radjabi, 2000) . All these factors result higher efficacy of chemical control against sunn pest nymphal stage (ca. 79%) compared to overwintered stage (ca. 34.96%) ( Table 2) .
Mean efficacy of the insecticides was lower against overwintered adult (<50%) compared to nymphs (<80%) ( Table 2 ). Chemical control against overwintered adults was the least efficacious in Faraman and Kuzehgaran regions; this could be due to geographical differences (i.e. near or far to hibernation habitats of overwintered adults), precipitation rate, application method and experience of operators for pesticide application and the above-mentioned biological factors.
The motorized lance sprayer and manually carried sprayer, including compression knapsack sprayer and lever-operated knapsack sprayer, were conventional sprayers in Kermanshah province (Iran). The error rate of application (i.e. overdosage rate) of motorized lance sprayer was more (ca. three to four times) than manually carried sprayer (Table 3 ). Other studies confirmed the above observation and showed that the spray uniformity and quality of MS sprayers were low (Fallahjedi, 2000; Gerami, 2005; Safari, 2009) . However, spray volume of motorized lance sprayer was twice the spray volume of manually carried sprayer (Table 3) . Occasionally, the low efficacy of chemical control against nymphal stage of sunn pest in some locations, can be the result of incorrect time of application. Early or late application against nymphal stage might coincide with predominant stages of egg or new adult sunn pest.
There was overdosage application of insecticides in all tested sprayers. In both types of sprayers, deltamethrin and fenitrothion was applied 60% and 18.6% more than Table 3 The dosage and overdosage rates of fenitrothion EC500 and deltamethrin EC25 in the motorized lance sprayer (MS) and compression knapsack sprayer (KS) applied against overwintered adults and nymphs of Sunn Pest, Eurygaster integriceps, in different locations of Kermanshah province (Iran) the recommended dosages, respectively (Table 4) . In other words, farmers used to apply the insecticides at a rate of 1200 ml per hectare without paying attention to the type of the insecticide or recommended field dosage. This fact was due to recommended dosage of insecticides against sunn pest at several decades age (i.e. 1200 ml/hectare) and farmers' resistance in accepting the lower recommended doses of the new insecticides.
The tested motorized lance sprayers included power take off and two-stroke engine types. The sprayer tank capacity of the tested motorized lance sprayers was 100 liters; while sprayer tank with 700, 2000 and 3000 liters of volume can also be found in villages. All tested sprayers did not have perfect manometer. Moreover, most of the farmers did not use manometers, even if they were faultless (Fallahjedi, 2000; Safari, 2009 ).
As Table 4 shows, the spraying velocity was 10 times more in motorized lance sprayers compared to manually carried sprayer. The swath width was 12.5% more in motorized lance sprayers compared to manually carried sprayer. Spraying one hectare with motorized lance sprayers was 6.4 times faster than spraying it with manually carried sprayer. In other words, efficacy coefficient of motorized lance sprayers was 6.4 times more than manually carried sprayer. Safari (2009) , found that motorized lance sprayers had the highest spray volume (854.2 l/ha) compared to boom, turboliner and micronair spayers in wheat fields. In this study, the spray volume errors were usually large and more sprayers had 10-16% error of spray volume rate (Table 4 ). The mean (± SE) dosages of fenitrothion EC 500 and deltamethrin EC 25 applied by farmers were 20% and 90% more than recommended rates (Tables 3 and 4 ). Another study showed that 64 % of orchard sprayers had errors in spray volume. These errors were within 5-10% of the recommended rate of application (Derksen and Breth, 1994) .
In a manually-operated hydraulic sprayer, application rate and delivery of an insecticide depend on the skill of operator. The spray volume is affected by nozzle output, swath width and operator speed (Matthews, 2005) . We observed that the tested operators did not have enough knowledge about sprayers and how to calibrate them correctly; therefore, there is a need to educate Iranian farmers regarding insecticide application. Derksen and Breth (1994) found that the application errors in chemical control of orchard pests ranged from 56% under application to 99% over application. Sheikhigarjan et al. (2006, 2009) reported that deltamethrin and fenitrothion have been wasted about 90% and 20%, respectively, more than their recommended dosages against sunn pest; moreover, they showed that 68% and 90% of the studied growers applied fenitrothion and deltamethrin at overdosage rates, respectively. They found that the conventional dosage of fenitrothion was 1.3 l/ha by operators of lance sprayers against sunn pest. In our study, the overdosage rate was observed in 80% of the cases, and under dosage of insecticides was observed only in one case.
Conclusion
In recent years, the government of Iran has tried to import the air assistant sprayers and has encouraged farmers to use them instead of using lance and manually sprayers. Safari (2009) reported that 39.7% of sprayers were lance sprayers used in wheat fields in 4 provinces under studying. At present, in 60% of the studied locations of Kermanshah province, motorized lance sprayers and manual sprayers are used by farmers; while, air-assisted sprayers are used in the rest of the locations (Rashidi et al., 2010) . Many experts reject using air-assisted sprayers (garden sprayer) against field pests (Matthews, 1999; Matthews, 2005) . Optimizing air-assisted sprayers for chemical control of sunn pest needs more research. The pyrethroid insecticides such as deltamethrin have lower LD50 than organophosphorus insecticides, like fenitrothion. They can be applied at low rates while achieving acceptable pest control; therefore, they need more precision in application. Unfortunately, less effort has been applied to assess the actual accuracy of wheat spraying operations. The technology of motorized lance sprayers and manual sprayers go back to 1970s. The spray volume of these sprayers is high and the operators over apply the chemicals. High volume sprayer can increase chemical and fuel consumption, labor cost, crop damage. Over application may increase production costs, excess chemical residuals, high risk of resistance to insecticides and environmental contamination. We hope that motorized lance sprayers and manual sprayers (high spray volume) will be replaced with suitable sprayers equipped with Controlled Droplet Application nozzle (low spray volume) and the operators of sprayers are encouraged to learn the methods of equipment calibration, to significantly reduce the error of application in the crop field.
